Purpose: To estimate the incidence of epilepsy in Saskatchewan, Canada between 2005 and 2010 by using provincial administrative health database stratifying gender, age, self-reported Registered Indian (RI) status and secular trends. Methods: An epilepsy database was created through linkage of services claims data from the provincial health database of Saskatchewan, Canada between 2005 and 2010 with a four years washout period (2001)(2002)(2003)(2004). The algorithm used was at least two physician visit with the diagnosis of epilepsy on a different date within 730 days or at least one hospital separation with the diagnosis of epilepsy. Results: Between 2005 and 2010 the overall crude and age-standardized incidences of epilepsy were 63 new epilepsy patients per 100,000 person-years and 62 per 100,000 person-years respectively. The overall agespecific incidence showed a gradual increase toward a high point in elderly. The incidence rate was slightly higher in men than in women who were older than 39 years. There was a significant downward trend over time in the incidence of epilepsy from 2005 to 2010 in Saskatchewan.
Introduction
New epidemiological studies for chronic neurological disease such as epilepsy are necessary as populations change through urbanization, migration, aging, new threats to human health, routine use of prevention measures, and rising inequalities in modern societies [1] .
Moreover, to adequately monitor and evaluate any programs or interventions in epilepsy, it is vital to collect epidemiological data before initiation of the process [2] . In particular, it is crucial to provide information about the frequency of new cases of epilepsy and patterns of changes over time in the population targeted for intervention.
Previous studies around the world in developed countries report the overall incidence of epilepsy to be about 50 per 100,000/person years (range 40-70 per 100 000/person years) [3, 4] . These numbers appear remarkably consistent for at least the last two decades, mainly in developed countries. Also, fairly consistent is the finding that epilepsy has most commonly its onset at the extremes of life following a U-shape distribution with high incidence in the first few months of life, much lower incidence after the first year of life and then the highest incidence in elderly [5] . However, some studies have shown a significant decline in the incidence of epilepsy in children and adults over time with a concomitant increment in frequency among the elderly [6] .
There are few studies exploring possible racial differences, specifically for Native Americans or Aboriginal population. These few available studies have been focussed on the elderly population and have determined that Native Americans have a statistically lower incidence of epilepsy (1.1 per 1000) [7] or even no cases compared with a white elderly population (2.3 per 1000) [8] .
In spite of epilepsy being the most common neurological condition worldwide, in Canada, there are numerous gaps in the knowledge about its epidemiology [9] . For example, there are few studies that have examined the incidence of epilepsy in Canada, and those that have limited their analysis to specific age groups [10, 11] and restricted syndromes [12] . Accordingly, there are no overall estimates of the incidence of epilepsy in Canada nor analyses of its secular trends.
The purpose of this study was to estimate the overall incidence epilepsy rate and its secular trends between 2005 and 2010 in the province of Saskatchewan, Canada. Estimates by sex, age, and self-declared Register Indian (RI) status were calculated and contrasted.
Methods

Setting
Saskatchewan is one of the western prairie provinces of Canada covering 651,900 square kilometers (6.5% of Canada's 9,984,670 square kilometers). Saskatchewan's populace (1,033,381 people in 2011) represents approximately 3% of the total population of Canada [13] . According to the 2011 census population of Saskatchewan, 50.5% of individuals were females, and 49.5% were males. The Saskatchewan age distribution is similar to the Canadian distribution by age group with children under the age of 15 accounting for 19%; the working age population (age 15 to 64 years) accounting for 66% (681,815 individuals); and seniors (aged 65 and over) accounting for 15% [13] . Saskatchewan residents largely described themselves as being of European ancestry (76%); self-declared Aboriginals (15.6%), and other (8.4%). The largest component of self-declared Aboriginal residents were members of First Nations in 66.6% followed by Metis people (33.3%) [14] .
In Saskatchewan, all residents receiving medical coverage constituted the "covered population" for the present study. This population excluded federally insured residents (such as federal prison inmates, individuals from the Canadian Forces and Royal Canadian Mounted Police).
Data source
Data were extracted from three main administrative health databases from the province of Saskatchewan and were linked at the patient-level through of a unique personal Health Services Numbers. The three health services claim data were: Person Registry, Hospital Separation Data, and Physicians services data.
Person Registry: provides information on all residents eligible for
Saskatchewan Health benefits and provides demographic information about the covered population. The self-declared Registered Indian status code was used in this study. 2. Hospital Separation Data included patient information on every discharge, transfer, or in-hospital death in Saskatchewan including diagnoses, procedures, and hospital admission/discharge dates. Records of inpatient separations and day surgeries for patients treated in hospitals were captured as well as out-of-province hospital separations for Saskatchewan health beneficiaries. 3. Physician's services data included doctor and nurse practitioner service claims for payment from the provincial government for services provided to patients. Patient information was included, as well as service information such as date, fee code, type, diagnosis code associated with service (maximum of one diagnosis code per service claim), location, and payment information [15] . Physicians who are remunerated on a non-fee-for-service basis are also expected to submit same 'shadow,' or "dummy" billing claims.
Self-declared Register Indian status
Registered Indians or Indians Status are the self-identified Aboriginal person registered with the federal government and Saskatchewan Health as Indians, which only include First Nation people. RI are entitled to some benefits that are not available to NonStatus Indians or Metis people such as on-reserve housing benefits, education, and exemption from federal, provincial and territorial taxes in specific situations [16] .
The Indian Act of 1867 defined "Indian" as [17]:
1. Any male person of Indian blood reputed to belong to particular band; 2. Any child of such person; 3. Any woman who is or was lawfully married to such person Registered Indians (RI) were identified through a flag in the person registry dataset. Information regarding the date of registration (initiation or withdrawal) was not reported.
Epilepsy case definition algorithm
The cohort studied included individuals who had their first −ever recorded identification of epilepsy between January 1, 2001, and December 31, 2010, in either one of two administrative health databases (hospital separation data or Physician's services data). Eligible individuals had at least two years of continuous provincial health coverage from the start of the insurance (January 1, 1999) until December 31, 2010, or expiration of their insurance or their death.
The specific criteria used to define cases of epilepsy were as follows: 1. During the period January 1, 2001, to December 31, 2010, the subject had, at least, one hospital separation with a diagnosis of epilepsy (ICD-9 345 or ICD-10-Ca G40) or 2. During the period January 1, 1999, to December 31, 2010, the subject had at least two physician visits with a diagnosis of epilepsy (ICD-9 345 or ICD-10-Ca G40) on different dates within 730 days; the second of the two physician visits had to be on or after January 1, 2001. The medical services file was processed until the first pair of physician visit met these criteria. When this was met, the date of the first of the two physician visits was taken as the case date.
The use of ICD-10-CA codes was introduced by the Canadian Institute for Health Information to meet Canadian morbidity data needs and are used across Canada. Therefore, there are no differences in the use of ICD between provinces.
In Saskatchewan, ICD-10-CA codes were introduced on April 1, 2001, after which time approximately 30% of hospitals in Saskatchewan continued to use ICD-9 codes. By April 1, 2002, the transition to ICD-10-CA codes was complete, and all hospitals in the province were using this system. Accordingly, ICD-9 codes were used for the washout period; therefore, only ICD-10-CA codes were used for the analyzed period.
Statistical analysis
Incident cases were declared between January 1st, 2005 and Dec 31st, 2010 following a four-year washout period as per the standards for epidemiological studies and surveillance of epilepsy [18] .
The incidence rate of epilepsy in Saskatchewan was calculated as the number of people who were declared as new cases over the six years period (2005-2010) for overall incidence. Annual new cases were calculated for annual incidence and analysis of trends. These number of new cases was divided by the mid-year covered population (personyears) over the six years period and annually. 95% confidence intervals (95%CI) were calculated for all crude and age-standardized rates.
The age-standardized estimates of incidence were obtained by directly adjusting our estimates to the 2006 Canadian population. Ageadjusted estimates of the incidence of epilepsy were compared by constructing the 95% CI for each estimate.
Changes in incidence between 2005 and 2010 were measured in absolute numbers and the rate ratio (RR) as a measure of association.
The RR was calculated to measure contributions to the incidence of epilepsy due to demographic characteristics such as male, RI status, and the difference over time.
In this study, we used the term "secular trends" to describe the incidence of epilepsy over a period (five years) and not only using a point estimate.
We compared for significant changes (p < 0.05) using χ 2 test, and 95% confidence intervals (95%CI).
Ethics
This research was approved by the University of Saskatchewan Biomedical Research Ethics Board Protocol Bio # 15-225.
Results
Total incidence of epilepsy
A total of 3804 incident cases of epilepsy were declared overall in Saskatchewan for 2005-2010. The crude overall incidence rate was 63 per 100,000 person-years, and the incidence age-adjusted to the 2006 Canadian population was 62 per 100,000 person-years. Cases included 2025 (53.2%) males and 1779 (46.8%) females. Age-standardized incidence was higher in males than females (67 compared to 57 per 100,000 person-years, respectively) ( Table 1) .
Age-specific incidence of epilepsy in the general population
Using pooled data from 2005 to 2010, we found variations in epilepsy incidences within the younger age groups but a more regular trend for increasing incidence with age to a high point in 75-79 age group (133.5/100,000 person-years). The age-specific incidence was similar in males and females in the 5-39-year group. In individuals older than 39 years, the incidence in men was consistently higher than women (Fig. 1 ).
Secular trends in incidence of epilepsy in general population
As shown in Fig. 2 , there was a decreasing trend over time in the overall age-standardized incidence of epilepsy. During the observation period 2005-2010 there was a significant overall decreased in the annual incidence of epilepsy from 69.5 per 100,000 person-years in 2005 Table 2 ). A significant decrease in incidence over the study period occurred in both men (from 72.4/100,000 to 48.6/ 100,000; RR: 0.7; 0.6-0.8, p = < 0.0001) and women (from 66.5/ 100,000 to 39/100,000; RR: 0.6; 0.5-0.7, p = < 0.0001) ( Table 2 ) Although the overall and sex incidence decreased, there were different trends in different age group (Table 2) . While there was a no significant decrease in the incidence of epilepsy with onset in childhood (RR: 0.8; 95%CI 0.6-1.0, p = 0.14), there were significant decreases in the incidence of epilepsy in adult (RR: 0.58; 95%CI 0.49-0.70, p = < 0.001) and elderly groups (RR: 0.64; 95%CI 0.5-0.8, p = < 0.001).
Comparison of secular trends in incidence of epilepsy between selfdeclared Registered Indian and No-declared Registered Indian
As shown in Fig. 3 , there was a decreasing trend in the incidence of epilepsy over time in both groups the self-declared RI and no-self-declared RI. However, a steeper decrease was seen in the group of selfdeclared of RI between 2006 and 2007 followed by a more stable decrease, similar to the no self-declared registered Indian.
Incidence of epilepsy in self-declared Registered Indians (RI)
In the self-declared RI group, there were 608 patients with a diagnosis of new-onset epilepsy over the cumulative period 2005-2010 with 639,972 person-years of follow-up, resulting in a crude incidence of epilepsy in this group of 95 per 100,000 person-years (95%CI: 87.5, 102.5) and age-standardized incidence of 122 per 100,000 person-years (95%CI: 112.2, 131.6). The age-standardized incidence in males was 140.40 per 100,000 person-years (95%CI: 125.2, 154.5) and the incidence in females was 104.7 (95%CI: 92.47, 116.67).
3.4.1. Differences in the incidence of epilepsy between self-declared Registered Indians vs. not declared Registered Indians
The age-standardized incidence of epilepsy for self-declared RI compared with non-RI is shown in Table 3 . This shows an overall (summated males and females) rate ratio of 1.6 (95% CI: 1.5, 1.8) for the incidence of epilepsy among RI compared with non-RI. In other words, people who ever self-declared as RI were approximately 1.6 times more likely (p = < 0.001) to be newly diagnosed with epilepsy than people who never self-declared as RI in Saskatchewan. These differences were statistically significant in both sexes. Self-declared RI males were 1.7 (95% CI 1.5, 1.9) more likely to be newly diagnosed with epilepsy than non-RI males.
Similarly, self-declared RI females were 1.6 times (95% CI = 1.4, 1.8) more likely to be newly-diagnosed with epilepsy than non-self declared RI females.
The age-specific distribution of epilepsy among self-declared RI compared to non-RI in Saskatchewan between 2005 and 2010 showed that from the 15-19 age group to the 65-69 age group, the incidence of epilepsy was significantly higher (p = < 0.05) among RI compared to non-RI, with the highest rate ratio of 4.5 (95%CI = 3.4, 6) in the 45-49 age group (Table 3) .
Age-specific incidence of epilepsy in self-declared Registered Indians
Over the cumulative period of 2005-2010, the incidence of epilepsy in RI varied by age group (Fig. 4) . The highest incidence was in the 55-59 age group at 216.4 per 100,000 person-years (95%CI: 147, 286) and lowest (zero incidences) in the 80-84 age group. 
Discussion
Population-based incidence studies of epilepsy are necessary as populations are changing around the world. The present study measured the incidence of epilepsy in overall Saskatchewan population taking on account age, sex, and sociodemographic characteristics. This is the first study in Canadian population assessing the incidence of epilepsy in specific subgroups and examining secular trends in the incidence of epilepsy using longitudinal data.
The crude and age-standardized incidence rates of epilepsy in Saskatchewan, Canada were estimated to be 63 and 62 cases per 100,000 person-years respectively. These estimates were consistent with reports from developed countries with similar demographic characteristics to Canada (range 40-70 per 100 000 person-years) [3, 4] . We also found a slightly higher incidence of epilepsy in men compared to women. Similar variations by sex have also been found in other studies in developed countries [5, 19] , and the reasons behind these gender differences are not clear. Possible explanations are the higher rate of traumatic brain injury [20] and higher prevalence of all developmental disabilities [21] among males than females.
The age-specific incidence of epilepsy in Saskatchewan did not differ from previous incidence studies in developed countries. Interestingly, among 15-19 age group, an increased incidence of epilepsy has been found, similarly to previous incidence studies [22, 23] . A possible explanation for this increase in the incidence of epilepsy could be explained by the well-known occurrence of some epilepsy syndromes such as juvenile myoclonic epilepsy and temporal lobe epilepsy in this group of age, although we do not know the reason.
Secular trends in the incidence
There are few studies reporting secular trends of epilepsy in the world [24] . In this study, for the first time in Canada, we calculated the incidence of epilepsy over a five-year period using the same method of Fig. 3 . Comparison of age-standardized incidence of epilepsy in Saskatchewan, Canada between Self-declared and no declared Registered Indian. We found a significant decrease in the incidence of epilepsy over the study period. This reduction in the incidence of epilepsy was statistically significant in young, adults, and elderly groups but notably in SelfRegistered Indian young and adults group.
This overall decreased incidence has been seen previously in Iceland [23] , Finland [6] , and UK [25] . Some possible explanations for these findings have included better perinatal and neonatal care, universal vaccination, and a method of ascertainment for the diagnosis of epilepsy (drug use database).
In our population, it was difficult to attribute the decrease of epilepsy to a single cause. Epilepsy is a condition with many possible causes. Anything that disturbs the normal pattern of neuronal activity in the brain such as abnormal brain development, illness or trauma can lead to seizures (Welsh Assembly Government, [26] ). We speculate that some measures may have prevented new cases of epilepsy in our population: 1) good prenatal care during pregnancy and postnatal care; 2) the prevention of head injury and other trauma: wearing seatbelts, use of bicycle helmets, the use of car seats for an infant; 3) treating cardiovascular disease: adequate management of high blood pressure, likely halting stroke cases; and 4) preventing and treating effectively infections which might affect the brain during childhood, and adulthood (Welsh Assembly Government, [26] ).
It is interesting to note that countries where the incidence of epilepsy has decreased over time, have a universal health care publicly funded system, unlike countries where the incidence of epilepsy has increased such as in the USA [22] . The presence of universal health care may have led to better public health resulting in the reduction of diseases, healthier people, and ultimately a decrease in the incidence of epilepsy [27] .
One important reason for the decline in young and adult-onset epilepsy may be related to the decreased rate of injury rate associated with motor vehicle traffic collision [28] . However, after 2006 there was a steady increased of injuries not related to the steady decrease in the incidence of epilepsy.
One significant change took place during the study period (2005) (2006) (2007) (2008) (2009) (2010) . In 2005 the International League Against Epilepsy (ILAE) released a new conceptual definition of epilepsy. This definition requires the occurrence of at least one epileptic seizure with an increased likelihood of future seizures [35] . This change may overestimate the incidence of epilepsy as the previous definition required two seizures with more than 24 h apart [36] . In our study we did not find an increase in the incidence, rather, we found the opposite. We concluded that in our study the definition did not have any impact, although many times new definitions take several years to be used in clinical practice.
Furthermore, there were no changes in the data registration nor drug treatment practice during this period to explain this decline in new cases of epilepsy.
Incidence of epilepsy in self-declared RI
Regardless of the health indicator explored, Canadian Aboriginals have been shown to suffer a disproportionate burden of illness with poor outcomes. This burden is believed to be related to their economic and social deprivation as well as long history of colonialism and marginalization [37] .
In our study, we found that the incidence of epilepsy in self-declared RI was up to two times significantly higher than the rest of the population. The highest incidence was seen in males aged 55-59 year, and the lowest incidence was seen in the 80-84-year-old age group. This rate was lower than the same age group for the rest of the population.
The high epilepsy incidence rates in self-declared RI might be explained by the high incidence of traumatic brain injuries in the indigenous population [38] , which is particularly high in males.
On the other hand, the lowest rate in this oldest sub-group of RI is consistent with other studies in Native American populations from the United States (US), where no incident cases of epilepsy had been reported in the elderly population [7, 8] . We speculate that the healthy survivor effect may account for this finding, which may be even more noticeable due to inequities in the provision of healthcare services for RI resulting in earlier deaths of those with medical comorbidities [39] . For example, elderly RI with multiple comorbidities such as diabetes and cardiovascular disease which result in higher likelihoods of developing stroke (which is a major risk factor for epilepsy in this group) might only rarely live into the oldest age group.
Overall, inequalities including socioeconomic circumstances, education, behavior, beliefs, and genetics may pose differences in the risk for epilepsy between to RI population and the non-RI population. In the future, studies should explore reasons accounting for these findings in order to make targeted changes in health provision.
The strength of this study is the excellent provincial health data system which provided the primary data files for our study. The health database allows for cross-linkage of administrative health data in a generalized province-wide manner. The data collection itself is carried out in a systematic, standardized manner [40] and remained unchanged during the study period. Because of its high level of participation and retention, the database used is highly representative of the population.
We believe that the data obtained in this study is unlikely to be representative of Canada. However, due to the high quality of data, similar demographics within the other Canadian provinces, and the age standardization to the 2006 Canadian population will allow comparison with other provinces. Furthermore, previous studies regarding epidemiological rates in other Canadian provinces have been used by the government to make national policies due to the similar demographic characteristics between provinces. Limitations of our study include the absence of validation of the algorithm used to define epilepsy. Previous studies using Canadian ICD coding have found that epilepsy coding has high validity [41] . Furthermore, a similar algorithm of two physician visits or one hospitalization in two years had a sensitivity of 88.9% (95% CI 85.4-92.5) and specificity of 92.4% (95% CI 89.9-94.9) [42] . However, the algorithm used by Reid et al. contains the use of ICD-10-G40 (epilepsy) and ICD-10-G41 (status epilepticus (SE)). In this study, we did not use SE (ICD-10-G41) because only 10% of the patients that present for the first time with SE will develop epilepsy (Shinnar et al. [43] ). Furthermore, because we used a secular analysis, we strongly believe that patients with SE who subsequently were diagnosed with epilepsy were finally included in our analysis Likewise, the codes of cases of single unprovoked seizures (SUS) were not taking on the account in our analysis. Accordingly, our estimate of incidence could have underestimated the "true" incidence of epilepsy. However, because secular analysis was used, we firmly believe that cases with SUS were eventually included in our analysis if they have finally been diagnosed with epilepsy.
On the other hand, because of its high quality and comprehensiveness, Saskatchewan's health database system has frequently been used by other researchers, including those outside the province, and has been demonstrated in several studies to be complete and accurate [44] [45] [46] [47] . Therefore we believe that the quality and reliability of the information is high.
Finally, due to highly standardized use of ICD between the provinces of Canada, we do not expect large variation; therefore, we presume that the validation performed in the province of Alberta may apply in our algorithm and study.
Another limitation is the absence of the group of less than two years old group due to the algorithm for the diagnosis of epilepsy in the dataset including "at least two years of continuous provincial health coverage from the start of the insurance" resulting in the exclusion of this group. Also, another limitation is the short time period utilized to evaluate secular trends (six years). There is no consensus on the time required to identify accurately trend changes in chronic diseases, and some previous studies on secular epilepsy trends have analyzed data from more than ten years. Our results might therefore ideally be augmented by more long-term and detailed research in the future on secular trends in the incidence of epilepsy in Canada.
Conclusion
This study found that the overall and age-standardized incidence of epilepsy was in the range reported in other developed countries empathizing a higher incidence in the elderly population. However, this study has identified an overall decrease incidence of epilepsy over time only seen in countries with universal health care (Finland, Sweden, and the UK). This data is preliminary due to a short follow-up period and needs more comprehensive research in the future.
One of the most significant findings to emerge from this study is that the incidence of epilepsy in self-declared RI is higher than the rest of the population and that the incidence of epilepsy in the elderly self-declared RI was the lowest.
These results position epilepsy as the third most frequent neurological disease in Saskatchewan affecting all population groups, but mainly Aboriginal and elderly populations.
In a health system that is facing significant resources allocation challenges, identifying health priorities is the key to success, and epilepsy must be one of these priorities.
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